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Roundup Ready® transgenic soybeans have bacterial genes incorporated into their genome that provide an alternative biochemical pathway for the production of essential amino acids allowing the transgenic soybean to
resist the effects of glyphosate(Roundup®). In the nontransgenic plant this biochemical pathway is blocked by glyphosate, ultimately resulting in the death of the plant. The complete effects of the genetic modification are
unknown, particularly with respect to effects on metal homeostasis. This experiment measured plant growth and metal concentration and distribution in glyphosate-treated transgenic soybean (Glycine max) and nontransgenic
or conventionally bred soybean (cv. Dwight) as a way to investigate some effects of this genetic modification. Nontransgenic (which we refer to as wild type or WT) and transgenic (which we refer to as genetically modified or
GMO) soybean were grown in greenhouse conditions. There were no statistically significant differences in the plant height or biomass of GMO and WT soybean, with or without applied glyphosate. Metal concentration and
Intracellular metal distribution were analyzed by synchrotron X-ray fluorescence (sXRF) at beamline 13-ID-E. Samples of stem and root were prepared for analysis by cryogenic embedding in OCT and sectioned by hand-
held microtome. Sections were preserved by dessication. Leaves were analyzed in vivo directly sampled off living plants at the time of analysis. All samples were mounted on Kapton film for sXRF analysis. Although
statistically significant reduced levels of calcium were found in leaf vascular and mesophyll tissue in both WT and GMO soybean treated with glyphosate, the leaves of WT soybean sprayed with glyphosate display
significantly larger overall decrease in Ca abundance in leaf mesophyll tissue. It is hypothesized that glyphosate may affect the homeostasis of calcium within the soybean leaf and that the genetic modification that confers

glyphosate resistance may partially provide an alternative pathway for Ca incorporation not seen in wild type.
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Plant Growth

INTRODUCTION

In the 1990's GMO glyphosate resistant soybeans, commercially called ] Biomass of Soybeans

WT and GMO soybeans with and without applied glyphosate
displayed no significant difference in total plant height or biomass.
The rate of growth and total height of all soybeans were very
similar. T-tests determined no statistical difference in growth
measures (Figures 4 and 5). Both height and biomass give a
measure of photosynthetic output of the soybean plants.

Roundup Ready®, were developed. This genetic modification gave the
soybean resistance to the effects of glyphosate by providing an
alternative biochemical pathway for production of vital amino acids. In
farming, the benefits of glyphosate resistant soybeans include less tilling
and fewer applications of herbicide by killing competitive weeds without
affecting the soybean crop. The majority of soybean varieties
commercially grown are glyphosate resistant. There Is concern <0
regarding the nutritional value of the transgenic soybean seed crop. The r
literature shows conflicting data in regards to the effect glyphosate has
on the photosynthetic capacity and the intracellular homeostasis of
metals in the transgenic soybean (Duke et al., 2012).
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Figure 5. Total biomass of dried, whole soybean plants.

Elemental Analysis
The root and stem elemental analysis of all soybean types by sXRF
displayed no significant variations in concentration and distribution.
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. | | | | Leaf mesophyll (the nonveinal tissue) of both the WT and GMO soybean
B ™ mime ay of experimenn - treated with glyphosate had reduced calcium concentrations when
SIS SEyDLE) pLETIL NELGL MERETEs BYEr & WEEs: compared to soybeans not treated with glyphosate (Figure 10). There

was a 30% reduction in calcium counts in GMO leaf mesophyll and 70%
calcium count reduction in the WT leaf mesophyll when glyphosate was
Elemental : . . . .
STl fer o applied. These differences in mesophyll calcium concentration were
transgenic soybean  Statistically significant, p<0.05. Deposition of calcium varied in the
root (no glyphosate ~ soybean leaf. In all leaf types there were multiple small isolated areas of
applied) collected highly concentrated calcium that are hypothesized to be sequestered

by sSXRFImaging. - ca|cjum in the form of calcium oxalate (Figure 9).
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Figure 1. Soybeans; pot 1-WT without glyphosate , pot 2-WT glyphosate treated, pot 3-

GMO without glyphosate, pot 4-GMO glyphosate treated

METHODS

X-Ray Fluorescence of Root

Plant Growth S by storage tissue
GMO and WT soybean plants were grown in greenhouse conditions which is encircled
(Figure 1). Seeds were planted in equal parts perlite, sand and soil. by epidermal tissue.
Eight of sixteen transgenic and nontransgenic plants were sprayed with o
a 1.42% glyphosate solution. Foliar application of glyphosate occurred §
at the emergence of the fourth trifoliate leaf. Height was determined
from soil base to stem top. Plant biomass was determined after drying -
all plant matter in the microwave; progressively drying with short bursts Figure 8:
of energy until mass did not change. Both plant height and total E::tm';s'ﬁgzvmg 1 i 1 |
biomass was measured 1 week after glyphosate application. " ’ E ) ~
mesophy i Figure 7: Example energy dispersive spectra of root
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_ Ca Deposition in Leaf Mesophyll
“Leaf Internal Structure.” ClarendonCollege.edu. 25 April 2014

<http://www.clarendoncollege.edu/programs/NatSci/Biology/Botany/online%?20lecture%200
utlines/leaves.html>

WT leaf with glynhosate GMO leaf with glyphosate
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Figure 2. Students embed samples in bCT I:_‘ique 3: Student and Dr. Lanzirotti load

In preparation for cryogenic microtoming. soybean samples into 13-1D-E sample holder for
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Samples of_ste_m and root Sl prep_ared for analysis by sXRF by embe_ddln_g 53 1 e ' Figure 10: Graph of comparative calcium concentration in leaf mesophyli
plant material in OCT (Optimal Cutting Temperature) compound, freezing in X0, 3.
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summed Energy Dispersive Spectra for this area was
used for elemental evaluation (Figure 7).
« The fluorescent counts are considered to be
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It is possible that the genetic modification of the GMO soybean may provide alternative mechanisms
or pathways for transport, allowing for increased deposition of calcium within mesophyll tissue.

. . .. Therefore, the genetic modification may affect the homeostasis of calcium within the soybean. The i o i )
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homeostasis of soybean plant and seed.
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